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ABSTRACT 

Drift gillnets were fished daily at two stations, or test fish sites, located on opposite river 
banks prior to every high slack tide in Kvichak, Egegk, Ugashik, and Igushik Rivers, Bristol 
Bay, Alaska, from mid-June to mid-July to estimate 1993 sockeye salmon spawning 
escapements. Accurate escapement estimates were made at counting towers. However, 
because it took sockeye salmon 1-6 d to reach tower sites after passing test fish sites, the 
test-fish projects provided fishery managers with preliminary escapement information. This 
early information enabled managers to better control commercial harvests and achieve 
escapement goals. The daily test-fish index for each river was the mean of catch per unit 
effort values obtained from all sets made the same day. Numbers of sockeye salmon that 
escaped the commercial fishery were estimated using (1) travel time analysis in which the 
most recent cumulative tower count was divided by cumulative test-fish indices and lagged 
back in time by daily increments, (2) a power curve (catchability model) calculated from 
mean length (independent variable) and escapement per index point (EPI) values from past 
years (dependent variable), and (3) the mean EPI value. Escapement estimates based on 
travel time for Kvichak, Egegik, Ugashik, and Igushik Rivers were more accurate and less 
biased than estimates based on catchability models or mean EPI values. However, 
catchability and mean EPI estimates were available on the first day of each project, whereas 
travel-time estimates could not be made until 5 d of test fishing data and tower counts were 
collected. 

KEY WORDS: Sockeye salmon Oncorhynchus nerka, test fishing, spawning escapement 
estimation, fisheries management, Bristol Bay 

... 
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INTRODUCTION 

Test fishing in rivers by the Alaska Department of Fish and Game (ADF&G) is used in 
some areas to estimate numbers of salmon that have escaped commercial fishing districts 
and entered river systems to spawn; in Bristol Bay, river test fisheries are used to manage 
sockeye salmon Oncorhynchus nerka fisheries. Tes t-fishery data are available approximately 
1 d after sockeye salmon have passed through the commercial fishing district and several 
days earlier than estimates based on visual counts from towers located at the head of the 
river systems. Spawning escapement estimates based on test-fish data assist management 
biologists in regulating commercial fishing periods to maximize harvests and achieve 
escapement goals. Test-fishing projects have been operated on Kvichak River since 1960, 
on Egegik River since 1963, on Ugashik River since 1961, and on Igushik River since 1976 
(McBride 1978; Paulus 1965). This report summarizes test-fish data collected in 1993 and 
evaluates the accuracy of forecasting methods used during the 1993 season. 

MATERIALS AND METHODS 

Test Fishing 

Two stations on opposite river banks were fished in the lower section of Kvichak, Egegk, 
Ugashik, and Igushik Rivers in 1993. Test-fish stations were close to the commercial fishing 
district boundary but above sockeye salmon milling areas. Stations fished at all four rivers 
have remained the same since 1987 (Fried and Bue 1988a). 

Gillnets were drifted at all test-fish sites to estimate sockeye salmon abundance. All drifts 
were made perpendicular and close to shore because sockeye salmon migrate parallel to and 
near the river bank. Drifts at all stations were ended when about 30 sockeye were caught 
or when the inshore end of the net drifted about 25 m offshore and lost efficiency. Two 
short drifts of < 15 min duration were made at each Igushik River station about 1.5 h before 
every high slack tide for the entire season to minimize currents carrying the @net offshore. 
Two drifts were made at each station about 1.5 h before every high slack tide early in the 
season at Egegik and Ugashik Rivers. When the estimated sockeye escapement reached 10- 
15% of the point goal, only one drift was made at each station for the remainder of the 
year. One drift was made at each Kvichak River station about 1.5 h before every high slack 
tide for the entire season. 

All gdlnets were 45.7 m (150 ft or 25 fathoms) in length and 29 meshes deep. Monotwist 



web, hung even with #50 twine and dyed Momoi shade #1, was used for test fishing on all 
rivers. Multistrand monofilament was used until 1989; however, this web type is now illegal 
for commercial use and is no longer stocked by suppliers. A stretched mesh size of 12.70 
cm (5 in) was used on Kvichak River and 13.02 cm (5-1/8 in) was used on Egegik, Ugashik, 
and Igushik Rivers. 

Catch per unit of effort (CPUE), or the number of sockeye salmon caught in 180 m (600 
ft or 100 fathoms) of gillnet fished for 1 h, was calculated for each set. Most sockeye 
salmon captured during test fishing were sampled for sex and length data. At Igushik River 
most sockeye salmon test fish catches were sampled daily for age information whereas at 
Kvichak, Egegik, and Ugashik Rivers a maximum of 40 sockeye salmon were sampled daily 
for age information. At least 20-30% of these sockeye salmon were also weighed. 

Climatological data was collected at all test fish camps. Observations were recorded for sky 
condition, wind velocity (km/h), wind direction, and water temperature ("C). 

Data Analyses 

Mean fishing time (MT), in minutes, was calculated for each set as 

MT. = SI - FO + (FO-SO) + (FI-SI) 
2 

I 

where: 
SO = time the gillnet first entered water, 

FO = time the gillnet was fully deployed, 

SI = time the gillnet retrieval began, and 

FI = time the gillnet retrieval completed. 

The CPUE value, Cj or the number of sockeye salmon caught per 100 fathom hours, was 
calculated for set j as follows: 



where: 
N = number of sockeye salmon caught, and 

G = m e t  length in fathoms. 

Then the daily test fish index, I, for day i was calculated as the mean of individual CPUE 
values obtained from sets made the same day, or 

where 
s = number of sets made during day i (usually four sets per day). 

Weighted daily mean length and weight were calculated as 

where: 
Di = weighted daily mean length or weight for day i, and 

Sj = mean length or weight for set j. 

As new information became available weighted seasonal mean length and weight were 
recalculated daily: 



where: 
Mi = weighted seasonal mean length or weight through day i, and 

Di = mean length or weight for day i. 

Three methods were used to estimate daily spawning escapements: (1) travel-time (EPI,), 
(2) a catchability model (EPL), and (3) mean EPI value (EPI,). 

Travel-time estimates of spawning escapements were based on the number of days it took 
sockeye salmon to travel from test fish sites to counting tower sites. A range of travel-time 
estimates was calculated by matching daily test-fish indices to daily tower counts. The 
number of sockeye salmon represented by each index point was calculated by dividing the 
most recent cumulative tower count by cumulative test-fish indices lagged back in time by 
daily increments such that 

where: 
EPI, = number of sockeye salmon represented by each test fishing index point based 

on a travel-time of d days, 

Ei = number of sockeye salmon traveling past counting tower on day i, and 

t = day of most recent escapement estimate. 

The best initial estimate of travel time produced the smallest squared sum of errors between 
daily cumulative test-fish indices and tower counts. However, travel times that seemed 
unrealistic based on results of past studies or produced unreasonable escapement estimates 
(e.g., less than observed escapement) were rejected even if they produced the best statistical 
fit to the data. 

Total spawning escapement was then estimated as 



where 
E,,, = estimated number of sockeye salmon that will travel past counting 

tower on day t +d. 

Catchability models were based on the relationship between weighted mean season length 
(independent variable) of sockeye salmon caught during test fishing and corresponding 
historical EPI values (dependent variable); these models were used to estimate daily 
spawning escapements in Egegik and Ugashik Rivers. The following power curve was used: 

where 
a and b = constants derived from a linear regression of 1979-1992 natural 

logarithm transformed data. 

EPI estimates based on catchability models were not used if weighted mean lengths were 
outside of the range of data used to build models. 

Total spawning escapement was then estimated as 

where 
fit  = estimated number of sockeye salmon to have traveled past test fish 

site by day t. 

We assumed that changes in gillnet web type did not affect CPUE or mean size of sockeye 
salmon caught. A previous study by Bue (1986) found no obvious differences in fishing 
efficiency or sockeye salmon size selectivity between web types used in Bristol Bay. 

For equation (7) mean EPI, values of 111 for Kvichak, 72 for Egegik, and 49 for Ugashik 
Rivers were used based on results of the past eight years of test fishing (1985-1992); a mean 
EPI, value of 51, based on results of 1988-1989 and 1991-1992 test fishing, was used for 
Igushik River (project not operated in 1990). 

Estimates based on catchability models and mean EPI values were used to estimate 
escapements until estimates based on travel time became available. Travel time was 
preferred because it has usually provided more accurate escapement estimates (Stratton and 
Woolington 1992, Stratton and Crawford 1994). Also, when aerial surveys were flown, 



escapement estimates made by management biologists were compared to test fishing 
estimates. 

Three statistics were used to measure performance of the various escapement estimators. 
Percent error, PE, was used to measure daily performance: 

where 
T,, = estimated cumulative spawning escapement on day t based on method a. 

Mean percent error, MPE, was used to measure bias: 

MPE = I 

t=1 

where 
n = total number of days that escapement estimates based on test fishing 

were available 

Mean absolute percent error, MAPE, was used to measure overall accuracy because it 
treated under- and over-estimation errors similarly: 

MAPE = 
t-1 



RESULTS AND DISCUSSION 

Kvichak River 

Test fishing began 22 June and ended 20 July. A total of 2,516 sockeye salmon were caught, 
producing 47,450 index points (Table 1; Appendix A. 1). A total of 901 sockeye salmon were 
sampled for sex, age, and length information; 200 were weighed (Appendix A.2). Weighted 
mean weight and length for the season were 2.9 kg and 537 mm (Table 1; Appendix A.3). 

Spawning escapement estimates for 22 to 25 June were based on the 1985-1992 mean EPI, 
value of 111 (Table 2; Figure 1). Sufficient spawning escapement data was collected by 26 
June to allow estimation of EPI, values based on travel time (Table 3; Figure 2). Estimated 
travel times during the season ranged from 1 to 3 d. On the last day of project operation, 
the best estimate of travel time was 1 d. 

Daily spawning escapement estimates based on the 1985-1992 mean EPI value ranged from 
26% less to 326% greater than visual counts from towers, assuming actual travel time was 
1 d (Table 2; Figure 1). Daily escapement estimates based on travel time ranged from 54% 
less to 28% greater than tower counts (Table 3; Figure 2). 

When estimates for both methods were compared from 26 June through 20 July, estimates 
based on travel time analysis were more accurate (MAPE = 10) and less biased (MPE = -1) 
than estimates based on the 1985-1992 mean EPI value (MAPE =24, MPE=24; Tables 2, 
3; Figures 1,2). 1985-1992 mean EPI value estimates were less accurate ( W E  =43) and 
more biased (MPE =40; Table 2) when all dates, 22 June through 20 July, were considered. 

Estimated travel time on 20 July, the last day of the project, was 1 d. The cumulative tower 
count on 21 July was 4,007,712 sockeye salmon. The travel-time analysis estimate of 
4,013,442 was slightly greater (< I%), and the 1985-1992 mean EPI value estimate of 
5,266,897 was 31% greater than the observed tower count. 

Average water temperature during the project was 14°C while air temperatures averaged 
17°C (Appendix A.4). High winds prevented completion of one drift on 26 June. 

Egegik River 

Test fishing began 15 June and ended 10 July. A total of 17,189 daily index points were 
produced from a catch of 1,566 sockeye salmon (Table 4; Appendix B.l). A total of 743 



sockeye salmon were sampled for sex, age, and length data; 377 were sampled for weight 
(Appendix B.2). Weighted mean weight and length for the season were 2.8 kg and 551 mm 
(Table 4; Appendix B.3). 

Sockeye salmon escapement estimates based on a catchability model and the 1985-1992 
mean EPI, value (72) were calculated as early as 15 June (Tables 5, 6; Figures 3, 4), and 
the average of the two estimates was used to estimate escapement from 15 to 22 June. 
Travel-time estimates were first available on 23 June (Table 7; Figure S) ,  and used to 
estimate escapements from 23 June until the end of the season. Estimated travel times 
ranged from 1 to 5 d during the season. On the last day of the season, the best travel time 
estimate was 1 d. 

Assuming travel time was 1 d, daily escapement estimates based on catchability ranged from 
65% less to 9,540% greater than visual counts from towers (Table 5; Figure 3). Daily 
escapement estimates based on the 1985-1992 mean EPI value ranged from 43% less to 
15,832% greater than visual counts from towers (Table 6; Figure 4). Daily escapement 
estimates based on travel time ranged from 8% less to 61% greater than tower counts 
(Table 7; Figure 5). 

When estimates for all methods were compared from 23 June through 10 July, estimates 
based on travel time analysis were more accurate ( W E =  16) and less biased (MPE= 18) 
than estimates based on either 1985-1992 mean EPI value ( W E = 2 3 ,  MPE=-23) or 
catchability (MAPE = 53,MPE = -53; Tables 5-7; Figures 3-5). Both 1985-1992 mean EPI 
value and catchability estimates were less accurate (MAPE=750, 481) and more biased 
(MPE=712, 391) when all dates, 15 June through 10 July, were considered (Tables 5-6). 

On 10 July, the last day of the project, estimated travel time was 1 d. The cumulative tower 
count on 11 July was 1,346,160 sockeye salmon. When compared to the observed tower 
count, the catchability estimate (781,456) was 42% lower, the 1985-1992 mean EPI value 
estimate (1,237,601) was 8% lower, and the travel time estimate (1,300,164) was 3% lower. 

Average water temperature during the project was 12°C while air temperatures averaged 
10°C (Appendix B.4). Although test-fishery project operations were not seriously hampered 
by weather conditions in 1993, six drifts were missed on 20 June when the skiff swamped. 

Ugashik River 

Test fishing began 24 June and ended 13 July. A total of 963 sockeye salmon were caught, 
producing 14,793 daily index points (Table 8; Appendix C.l). A total of 323 sockeye salmon 
were sampled for sex, age, and length data; 135 were weighed (Appendix C.2). Weighted 
mean length and weight of captured sockeye salmon for the season were 554 mm and 2.9 



kg (Table 8; Appendix C.3). 

Sockeye salmon escapement estimates based on a catchability model, the 1985-1992 mean 
EPI, value (49), and travel time were used during the season to estimate spawning 
escapement (Tables 9-11; Figures 6-8). Abundance estimates based on the 1985-1992 mean 
EPI value and catchability were made as early as 24 June. Travel-time estimates were first 
available on 2 July. Estimated travel-times during the season ranged from 1 to 3 d. On the 
last day of the season, the best estimate of travel time was 2 d. 

Assuming travel time was 2 d, escapement estimates from the catchability model ranged 
from 64% less to 7,050% greater than tower counts (Table 9; Figure 6). Estimates based 
on the 1985-1992 mean EPI value ranged from 44% less to 6,967% greater than tower 
counts (Table 10; Figure 7). Travel-time estimates ranged from 69% less to 170% greater 
than tower counts (Table 11; Figure 8). Catchability estimates and the 1985-1992 mean EPI 
value estimates were higher than tower counts from 24 June through 5 July, then lower for 
the remainder of the season. 

When estimates for all methods were compared from 24 June through 13 July, estimates 
based on travel time analysis were more accurate ( W E  =40) and less biased (MPE = 12) 
than estimates based on either 1985-1992 mean EPI value (MAPE=70, MPE=16) or 
catchability ( W E  = 62, MPE = -20; Tables 9-11; Figures 6-8). Both 1985-1992 mean EPI 
value and catchability estimates were less accurate (MAPE=543, 509) and more biased 
(MPE=506, 454) when all dates, 24 June through 13 July, were considered (Tables 8-9). 

On the last day of the project, estimated travel time was 2 d. The cumulative tower count 
on 15 July was 1,292,046 sockeye salmon. When compared to the observed tower count, the 
1985-1992 mean EPI value estimate (724,874) was 44% lower, the catchability estimate 
(466,103) was 64% lower, and the travel-time estimate (1,290,080) was similar. 

The average air and water temperatures during the project were 13°C (Appendix C.4). Test- 
fishery project operations were not hampered by weather in 1993. 

Zpshik River 

Test fishing began 18 June and ended 11 July. A total of 187 sockeye salmon were caught, 
producing 511 daily index points (Table 12; Appendix D.l). A total of 141 sockeye salmon 
were sampled for sex, age, and length data; 118 were weighed (Appendix D.2). Weighted 
mean length and weight of captured sockeye salmon for the season were 550 mm and 3.3 
kg (Table 12; Appendix D.3). 

Sockeye salmon escapement estimates based on the 1988-1989 and 1991-1992 mean EPI, 



value (51) and travel time (EPI,) were used during the season to estimate spawning 
escapement (Tables 13-14; Figures 9-10). An abundance estimate based on the 1988-1989 
and 1991-1992 mean EPI value was made as early as 19 June. Travel-time estimates were 
first available on 26 June. Estimated travel-times during the season ranged from 2 to 6 d. 
On the last day of the season, the best estimate of travel time was 6 d. 

Estimates based on the 1988-1989 and 1991-1992 mean EPI value ranged from 85% to 96% 
less than tower counts (Table 13; Figure 9). Travel-time estimates ranged from 79% less 
to 62% greater than tower counts (Table 14; Figure 10). Accuracy of travel-time analysis 
estimates increased during the season. The 1988-1989 and 1991-1992 mean EPI value 
greatly underestimated the 1993 escapement. 
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Table 1. Sockeye salmon spawning escapement test-fishing data summary, 
Kvichak River, 1993. 

Daily Mean Weighted Season 
Fishing Mean 
Time Catch Cumulative Weight Length - 

Date (min) (no) Index Index (kg) (mm) Weight Length 

a High winds prevented crew from completing pm drift at Station #2. 



Table 2. Comparison of sockeye salmon spawning escapement estimates based on 
mean EPI value (1985-1992: EPI-111) for test-fishing data and visual 
counts from observation towers, Kvichak River, 1993. 

Test Fishing Observation Towers Percent 
Error (PE) . . 

Cumulative Cumulative of Test 
Number of Date Plus Number of Fishing 

Date Sockeye Salmon Travel Timea Sockeye Salmon Estimate 

Mean Percent Error (MPE) 40 
Mean Absolute Percent Error (MAPE) 43 

Mean Percent Error (MPE) 2 4 
Mean Absolute Percent Error (MAPE) 24 

a Best travel-time estimate at end of season was 1 d. 

16 



Table 3. Comparison of sockeye salmon spawning escapement estimates based on 
travel-time analysis of test-fishing data and visual counts from 
observation towers, Kvichak River, 1993. 

Test Fishing Observation Towers Percent 
Error (PE) 

Cumulative Cumulative of Test 
Travel EPI Number of Date Plus Number of Fishing 

Date Time (d) Value Sockeye Salmon Travel Time Sockeye Salmon Estimate 

Mean Percent Error (MPE) - 1 
Mean Absolute Percent Error (MAPE) 10 



Table 4 .  Sockeye salmon spawning escapement tes t - f ishing data summary, 
Egegik River, 1993. 

DailyMean WeightedSeason 
Fishing Mean 
Time Catch Cumulative Weight Length 

Date (min) (no) Index Index (kg) (mm) Weight Length 

a Four morning d r i f t s  and two evening d r i f t s  missed due t o  s k i f f  swamping 



Table 5. Comparison of sockeye salmon spawning escapement estimates based on 
catchability analysis of test-fishing data and visual counts from 
observation towers, Egegik River, 1993. 

Test Fishing Observation Towers Percent 
Error (PE) 

Cumulative Cumulative of Test 
Number of Date Plus Number of Fishing 

Date Sockeye Salmona Travel ~ i m e ~  Sockeye Salmon Estimate 

Mean Percent Error (MPE) 391 
Mean Absolute Percent Error (MAPE) 481 

Mean Percent Error (MPE) - 53 
Mean Absolute Percent Error (MAPE) 53 

a Catchability model was: EPI, = (9.175 X M ~ - ~ ~ . ~ ~ ~  where Mi = - 
weighted mean length (Stratton and Crawford 1934). 

Best travel-time estimate at end of season was 1 d. 

Observation towers not in operation. 



Table 6. Comparison of sockeye salmon spawning escapement estimates based on 
mean EPI value (1985-1992: EPI-72) for test-fishing data and visual 
counts from observation towers, Egegik River, 1993. 

Test Fishing Observation Towers Percent 
Error (PE) 

Cumulative Cumulative of ~ e s t  
Number of Date Plus Number of Fishing 

Date Sockeye Salmon Travel Timea Sockeye Salmon Estimate 

- - -- - 

Mean Percent Error (MPE) 712 
Mean Absolute Percent Error (MAPE) 750 

Mean Percent Error (MPE) - 23 
Mean Absolute Percent Error (MAPE) 23 

" Best travel-time estimate at end of season was 1 d. 

Observation towers not in operation 



Table 7. Comparison of sockeye salmon spawning escapement estimates based on 
travel-time analysis of test-fishing data and visual counts from 
observation towers, Egegik River, 1993. 

Test Fishing Observation Towers Percent 
Error (PE) . . 

Cumulative Cumulative ofTest 
Travel EPI Number of Date Plus Number of Fishing 

Date Time (d) Value Sockeye Salmon Travel Time Sockeye Salmon Estimate 

Mean Percent Error (MPE) 16 
Mean Absolute Percent Error (MAPE) 18 



Table 8. Sockeye salmon spawning escapement test-fishing data summary, 
Ugashik River, 1993. 

Daily Mean Weighted Season 
Fishing Mean 
Time Catch Cumulative Weight Length 

Date (min) (no) Index Index (kg) (mm) Weight Length 



Table 9. Comparison of sockeye salmon spawning escapement estimates based on 
catchability analysis of test-fishing data and visual counts from 
observation towers, Ugashik River, 1993. 

Test Fishing Observation Towers Percent 
Error (PE) 

Cumulative Cumulative of Test 
Number of Date Plus Number of Fishing 

Date Sockeye Salmona Travel ~irne~ Sockeye Salmon Estimate 

Mean Percent Error (MPE) 454 
Mean Absolute Percent Error (MAPE) 509 

Mean Percent Error (MPE) - 20 
Mean Absolute Percent Error (MAPE) 6 2 

a Catchability model was: EPI, - (2 .O95 x M ~ - ~ . ~ ~ ~  where Mi = weighted - - 
mean length (Stratton and Crawford 1994). 

Best travel-time estimate at end of season was 2 d. 

Observation towers not in operation. 



Table 10. Comparison of sockeye salmon spawning escapement estimates based on 
mean EPI value (1985-1992: EPI=49) for test-fishing data and visual 
counts from observation towers, Ugashik River, 1993. 

Test Fishing Observation Towers Percent 
Error (PE) 

Cumulative Cumulative of Test 
Number of Date Plus Number of Fishing 

Date Sockeye Salmon Travel Timea Sockeye Salmon Estimate 

Mean Percent Error (MPE) 506 
Mean Absolute Percent Error (MAPE) 543 

Mean Percent Error (MPE) 16 
Mean Absolute Percent Error (MAPE) 70 

a Best travel-time estimate at end of season was 2 d. 

Observation towers not in operation. 



Table 11. Comparison of sockeye salmon spawning escapement estimates based on 
travel-time analysis of test-fishing data and visual counts from 
observation towers, Ugashik River, 1993. 

Test Fishing Observation Towers Percent 
Error (PE) . . 

Cumulative Cumulative ofTest 
Travel EPI Number of Date Plus Number of Fishing 

Date Time (d) Value Sockeye Salmon Travel Time Sockeye Salmon Estimate 

Mean Percent Error (MPE) 12 
Mean Absolute Percent Error (MAPE) 40 



Table 12. Sockeye salmon spawning escapement test-fishing data summary, 
Igushik River, 1993. 

Weighted 
Daily Mean Season Mean 

Fishing 
Time Catch Cumulative Weight Length Weight Length 

Date (min) (No) Index Index (kg) (mm) (kg) (mm) 



Table 13. Comparison of sockeye salmon spawning escapement estimates based 
on mean EPI value (1988-89 and 1991-92: EPI=51) for test-f ishing data 
and visual counts from observation towers, Igushik River, 1993. 

Test Fishing Observation Towers Percent 
Error (PE) 

Cumulative Cumulative of Test 
Number of Date Plus Number of Fishing 

Date Sockeye Salmon Travel Timea Sockeye Salmon Estimate 

Mean Percent Error (MPE) - 93 
Mean Absolute Percent Error (MAPE) 93 

Mean Percent Error (MPE) - 93 
Mean Absolute Percent Error (MAPE) 93 

a Best travel-time estimate at end of season was 6 d. 



Table 14. Comparison of sockeye salmon spawning escapement estimates based on 
travel-time analysis of test-fishing data and visual counts from 
observation towers, Igushik River, 1993. 

Test Fishing Observation Towers Percent 
Error (PE) 

Travel Cumulative Cumulative of Test 
Time EP I Number of Date Plus Number of Fishing 

Date (days) Value Sockeye Salmon Travel Time Sockeye Salmon Estimate 

Mean Percent Error (MPE) - 12 
Mean Absolute Percent Error (MAPE) 27 



Escapement Range 

6/22 6/24 6/26 6/28 6/30 7/02 7/04 7/06 7/08 7/10 7/12 7/14 7/16 7/18 7/20 
Forecast Date 

+ Forecast t_ Observed 

Figure 1. Comparison of 1985-1992 mean EPI value sockeye salmon escapement 
forecast and observed escapement, Kvichak River, 1993. 



Escapement Range 

6/26 6/28 6/30 7/02 7P04 7/06 7/08 7/10 7/12 7/14 7/16 7/18 7/20 
Forecast Date 

-f- Forecast + Observed 

Figure 2. Comparison of travel-time analysis sockeye salmon escapement 
forecast and observed escapement, Kvichak River, 1993. 



Escapement Range 

I I I I I  I I I I I I I I  I I I I I  

6/15 6/17 6/19 6/21 6f2.3 6/25 6/27 612.9 7/01 7/03 7/05 7/07 7/09 
Forecast Date 

+ Forecast + Observed 

Figure 3. Comparison of catchability analysis sockeye salmon escapement 
forecast and observed escapement, Egegik River, 1993. 



bscapement Y 

6/15 6/176/19 6/21 6/23 6/25 6/27 6/29 7/01 7/03 7/05 7/07 7/09 
Forecast Date 

_t Forecast + Observed 

Figure 4. Comparison of 1985-1992 mean EPI value sockeye salmon escapement 
forecast and observed escapement, Egegik River, 1993. 



Escapement Range -- 
6/23 6/25 6/27 6/29 7/01 7/03 7/05 7/07 7/09 

Forecast Date 

_t Forecast + Observed 

Figure 5. Comparison of travel-time analysis sockeye salmon escapement 
forecast and observed escapement, Egegik River, 1993. 



Escapement Range 

I I I l l  

6/28 6/30 7/02 7/04 7/06 7/08 7/10 7/12 
Forecast Date 

_t- Forecast _t Observed 

Figure 6. Comparison of catchability analysis sockeye salmon escapement 
forecast and observed escapement, Ugashik River, 1993. 
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Forecast Date 

-f- Forecast t_ Observed 

Escapement Range 

Figure 7. Comparison of 1985-1992 mean EPI value sockeye salmon escapement 
forecast and observed escapement, Ugashik River, 1993. 



, --  7/04 7/06 7/08 7/10 7/12 
Forecast Date 

+ Forecast + 0 bserved 

Figure 8. Comparison of travel-time analysis sockeye salmon escapement 
forecast and observed escapement, Ugashik River, 1993. 



Escapement Range 7 

Forecast Date 

* Forecast _t Observed 

Figure 9. Comparison of 1988-1989 and 1991-1992 mean EPI value sockeye 
salmon escapement forecast and observed escapement, Igushik River, 
1993. 



Escapement Range / d 

613 0 7/02 7/04 7/06 
Forecast Date 

+ Forecast 4 Observed 

Figure 10. Comparison of travel time analysis sockeye salmon escapement 
forecast and observed escapement, Igushik River, 1993. 



APPENDIX A: KVICHAK RIVER 

A.1. Sockeye salmon test-fishing data, Kvichak River, 1993. 

Mean 
Fishing Test Mean Mean 

Set Time Sockeye Fishing Weight Length 
Date No. Station (min) Catch Index (kg) (mm) 



APPENDIX A: KVICHAK RIVER (p 2 of 6) 

Mean 
Fishing Test Mean Mean 

Set Time Sockeye Fishing Weight Length 
Date No. Station (min) Catch Index (kg) (mm) 



APPENDIX A: KVICHAK RIVER (p 3 of 6) 

A.1. (p 3 of 3). 

Mean 
Fishing Test Mean Mean 

Set Time Sockeye Fishing Weight Length 
Date No. Station (min) Catch Index (kg) (mm) 

a Test drift 500 yards downstream of Station #l. Data not 
used in analysis. 

High winds prevented crew from completing pm drift at 
Station #2. 



APPENDIX A: KVICHAK RIVER (p 4 of 6) 

A . 2 .  Age, sex,  and s i z e  composition of sockeye salmon caught i n  the  
Kvichak River t e s t  f i she ry ,  1993. 

Age Group 

0.3 1 . 2  1 . 3  2.2 2.3 Total  

A l l  Periods Combined 

Percent 
Sample Size 
Mean Length 
Std.  Error 
Sample Size 
Mean Weight 
Std. Error 
Sample Size 

Percent 0.33 
Sample Size 3 
Mean Length 549 
Std.  Error 2 1 
Sample Size 3 
Mean Weight 4.36 
Std.  Error 
Sample Size 1 

Percent 0.33 
Sample Size 3 
Mean Length 549 
Std.  Error 2 1 
Sample Size 3 
Mean Weight 4.36 
Std.  Error 
Sample Size 1 

ALL FISH 



APPENDIX A: KVICHAK RIVER (p 5 of 6) 

A.3. Kvichak River sockeye salmon test-fishing data, 1979-1993. 

Indices  Spawning 
Weighted P Escapement 

Season Mean Last  
Travel  Cumulative Date Cumulative 

Year Weight Length Time (d l  Number Fished Number Date' EPI Test  Fishing Data Reference 

Meacham (1980) 
Bue 6 Meacham (1981) 
Bue (1982) 
Bue (1984) 
Yuen (1985) 
Yuen e t  a l .  (1985) 
Bue e t  a l .  (1988) 
Yuen e t  a l .  (1988) 
F r i ed  & Bue (1988a) 
F r i ed  & Bue (1988b) 
S t r a t t o n  e t  a l .  (1990) 
S t r a t t o n  (1990) 
S t r a t t o n  & Woolington (1992) 
S t r a t t o n  & Crawford (1994) 

Current Report 

a Cumulative spawning escapement date is last date fished at test fishing 
site plus travel time to counting tower site. 

b Two sites used from 1979-1984: station 1 on west bank above Nakeen; 

station 2 on east bank about 2 km above Sea Gull Flat Island. 

c Data from 1985 to present may not be comparable with those from 1979- 

1984. Test fishing sites were relocated in 1985 about 20 km upriver 
from old sites, and gillnets with smaller stretched mesh size (12.70 cm 
instead of 13.65 cm) and different web material (multistrand 
monofilament instead of multifilament nylon) were used. 



APPENDIX A: KVICHAK RIVER (p 6 of 6) 

A.4. Climatological and hydrological observations made at Kvichak River 
sockeye salmon test-fishing site, 1993. 

Wind Velocity Air Temp. Water 
Cloud Covee (kmlhr) (T) Temp. (T) 

Water 
Date a.m. p.m. a.m. p.m.  a.m. p.m. a.m. p.m. Precipitationb Clarity 

5-10 S 
5-10 S 
calm 

0- 5 S 
0- 5 SE 
0-10 SW 
10-15 SE 
calm 

0- 5 SE 
0- 5 S 
calm 
0- 5 NE 
0- 5 SE 
calm 
calm 
calm 
calm 
calm 
c alm 
c alm 
0- 5 S 
calm 

5-10 S 
calm 

0- 5 SW 
calm 
0- 5 S 
calm 
calm 

0- 5 NE 

5-10 S 
0- 5 S 
0- 5 SE 
0- 5 SE 
5-10 SE 

20-30 S 
15-20 SE 
5-10 SE 
c alm 

0- 5 SE 
20-25 E 
0-10 E 
calm 
5-10 SW 
c alm 

10-15 SW 
0- 5 S 
5-10 SW 
0- 5 S 
0- 5 W 
5-10 S 
0- 5 SW 
0- 5 s 
0- 5 S 
10-15 SW 
5-10 SW 
10-15 SW 
0- 5 N 
5-10 NE 
10-15 NE 

dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 

a 1 = cloud cover not more than 1/10, 
2 = cloud cover not more than 1/2, 
3 = cloud cover more than 1/2, 
4 - completely overcast, and 
5 = fog 

0 = none; 
A = intermittent rain; 
B = continuous rain 



APPENDIX B: EGEGIK RIVER 

B.1. Sockeye salmon test-fishing data, Egegik River, 1993. 

Mean 
Fishing Test Mean Mean 

Set Time Sockeye Fishing Weight Length 
Date No. Station (min) Catch Index (kg) (mm) 



APPENDIX B : EGEGIK RIVER (p 2 of 7) 

B.1. (p 2 of 4 ) .  

Mean 
Fishing Test Mean Mean 

Set  Time Sockeye Fishing Weight Length 
Date No. Sta t ion (min) Catch Index (kg) (mm) 



APPENDIX B: EGEGIK RIVER (p 3 o f  7) 

Mean 
Fishing Test Mean Mean 

Set  Time Sockeye Fishing Weight Length 
Date No. S ta t ion  (min) Catch Index (kg) (mm) 



APPENDIX B: EGEGIK RIVER (p 4 of 7) 

Mean 
Fishing Test Mean Mean 

Set  Time Sockeye Fishing Weight Length 
Date No. Sta t ion (min) Catch Index (kg) (mm) 

" Four morning d r i f t s  and two evening d r i f t s  missed due t o  
s k i f f  swamping. 



APPENDIX B: EGEGIK RIVER (p 5 of 7) 

B.2. Age, sex, and size composition of sockeye salmon caught in the 
Egegik River test fishery, 1993. 

0.3 1.2 1.3 2.2 1.4 2.3 T o t a l  

A l l  Per iods  Combined 

Percent 
Sample S i z e  
Mean Length 
Std .  E r ro r  
Sample S i z e  
Mean Weight 
S td .  E r ro r  
Sample S i z e  

Percent  
Sample S i z e  
Mean Length 
Std .  E r ro r  
Sample S i z e  
Mean Weight 
S td .  E r ro r  
Sample S i z e  

Percent  
Sample S i z e  
Mean Length 
S td .  E r ro r  
Sample S i z e  
Mean Weight 
S td .  E r ro r  
Sample S i z e  

FEMALES 

ALL FISH 



APPENDIX B: EGEGIK RIVER (p 6 of 7) 

B.3. Test-fishing data, 1979-1992, to estimate constants for 1993 Egegik 
River catchability model. 

Indices Spawning 
Weighted Escapement 

Season Mean Last 
Travel Cumulative Date Cumulative 

Year' Weight Length Time (d)  Number Fished Number Dateb EPI Test Fishing Data Reference 

1979 2.7 548 
1980 2.3 525 
1981 2.6 544 
1982 3.0 569 
1983 2.6 537 
1984 2.6 543 
1985' 2.4 529 
1986 2.5 541 
1987 2.7 551 
1988 2.8 553 
1989 2.7 551 
1990 2.4 525 
1991 2.5 , 533 
1992 2.3 518 

- - 
Mean 2.6 541 

Meacham (1980) 
Bue & Meacham (1981) 
Bue (1982) 
Bue (1984) 
Yuen (1985) 
Yuen e t  a l .  (1985) 
Bue e t  al. (1988) 
Yuen e t  a l .  (1988) 
Fried 6 Bue (1988a) 
Fried & Bue (198813) 
Stratton e t  a l .  (1990) 
Stratton (1990) 
Stratton & Woolington (1992) 
Stratton & Crawford (1994) 

1992* 2.8 551 1 17,189 7/10 1,346,160 7/11 78 Current Report 

a Two sites located about 3 km upriver from tip of Egg Island used: 

station 1 on south bank and station 2 on north bank. 

b Cumulative spawning escapement date is last date fished at test fishing 
site plus travel time to counting tower site. 

c Data from 1985 to present may not be comparable with those from 1979- 

1984 because gillnets with a smaller stretched mesh size (13.02 cm 
instead of 13.65 cm) and different web material (multi-strand 
monofilament instead of multifilament nylon) were used. 

d Catchability model for 1994: EPI, = (1.054 X M ~ - ~ . ~ ~ ~  where Mi = 
- - 

weighted mean length. 



APPENDIX B: EGEGIK R I W  (p 7 of 7) 

B . 4 .  Climatological and hydrological observations made at Egegik River 
sockeye salmon test-fishing site, 1993. 

Wind Velocity Air Temp. Water 
Cloud Covel' (km/hr 1 ("C Temp. ("C) 

Water 
Date a.m. p.m. a.m. p.m. a.m. p.m. a.m. p.m. Precipitationb Clarity 

calm 
calm 
c alm 
calm 
25 SW 
10 SW 
calm 
20 W 
2 E 

calm 
calm 

35 NE 
10 E 
30 E 
calm 

2 NE 
calm 
7 E 
10 E 

5 E 
c alm 
calm 
calm 
calm 
calm 
calm 

5 SE 
2 SE 

c alm 
5 NW 
10 SW 
5 s 
5 S 
10 NE 
5 W  
12 S 
25 NE 
25 E 
30 E 
20 E 
2 NE 
2 NE 
30 NE 
25 NE 

5 NE 
5 SW 
7 NE 
3 SW 
5 SE 
5 SW 
6 SW 
5 W  

It, brown 
clear 
clear 
clear 

It. brown 
It. brown 
It. brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 

dk. brown 
dk. brown 
dk. brown 
brown 
brown 
brown 
brown 

lt. brown 
It. brown 

a 1 = cloud cover not more than 1/10, 
2 = cloud cover not more than 1/2, 
3 = cloud cover more than 1/2, 
4 = completely overcast, and 
5 = fog 

0 = none; 
A = intermittent rain 
B  = continuous rain 





APPENDIX C: UGASHIK RIVER 

C.1. Sockeye salmon test-fishing data, Ugashik River, 1993. 

Mean 
Fishing Test Mean Mean 

Set Time Sockeye Fishing Weight Length 
Date No. Station (min) Catch Index (kg) (mm) 



APPENDIX C: UGASHIK RIVER (p 2 of 7)  
C . 1 .  (p 2 of 4 ) .  

Mean 
Fishing Test Mean Mean 

Set Time Sockeye Fishing Weight Length 
Date No. S ta t ion  (min) Catch Index (kg) (mm) 



APPENDIX C: UGASHIK RIVER (p 3 of 7) 
C.1. (p 3 of 4). 

Mean 
Fishing Test Mean Mean 

Set Time Sockeye Fishing Weight Length 
Date No. Station (min) Catch Index (kg) (mm) 



APPENDIX C: UGASHIK RIVER (p 4 of 7) 
C.1. (p 4 of 4). 

Mean 
Fishing Test Mean Mean 

Set Time Sockeye Fishing Weight Length 
Date No. Station (min) Catch Index (kg) (mm) 

a Repeated Station #l; data not used in analysis. 

Mid-channel drift between Station #1 and #2; data not used 
in analysis. 



APPENDIX C: UGASHIK RIVER (p 5 of 7) 

C.2. Age, sex, and size composition of sockeye salmon caught in the Ugashik 
River test fishery, 1993. 

Age Group 

0.3 1.2 1.3 2.2 1.4 2.3 Total  

A l l  Periods Combined 
MALES 

Percent 0.31 
Sample S ize  1 
Mean Length 532 
Std.  Error  
Sample S ize  1 
Mean Weight 
Std .  Error  
Sample S ize  

Percent 
Sample S i z e  
Mean Length 
Std .  E r ro r  
Sample S i z e  
Mean Weight 
S td .  Error  
Sample S ize  

Percent 
Sample S i z e  
Mean Length 
Std .  E r ro r  
Sample S i z e  
Mean Weight 
Std .  Error  
Sample S ize  

FEMALES 

ALL FISH 



APPENDIX C: UGASHIK RIVER (p 6 of 7) 

C.3. Test-fishing data, 1979-1992, to estimate constants for 1993 Ugashik 
River catchability model. 

Indices Spawning 
Weighted P Escapement 
Season Mean Last 

Travel Cumulative Date Cumulative 
Year Weight Length Time (d) Number Fished Number Date' EPI Test Fishing Reference 

197gb 
1980 
1981' 
1982d 
1983 
1984 
1985' 
1986 
1987' 
1988 
1989 
1990 
1991 
1992 

Mean 

1993s 

Meacham (1980) 
Bue & Meacham (1981) 
Bue (1982) 
Bue (1984) 
Yuen (1985) 
Yuen et al. (1985) 
Bue et al. (1988) 
Yuen et al. (1988) 
Fried & Bue (1988a) 
Fried & Bue (1988b) 
Stratton et al. (1990) 
Stratton (1990) 
Stratton & Woolington (1992) 
Stratton & Crawford (1994) 

87 Current Report 

a Cumulative spawning escapement date is last date fished at test fishing 
site plus travel time to counting tower site. 

b Three fishing sites used from 1979-1980: station 1 on east bank about 
1 km below Ugashik Village; stations 2 and three on west bank about 4 
km and 5 km above Ugashik Village. 

c Two sites used from 1981-present: station 1 on east bank located about 
7 km upriver of Ugashik Village; station 2 on west bank located about 
8 km upriver of Ugashik Village. 

d Stations 1 and 2 moved about 2 km and 3 km downriver, respectively. 

e Data from 1985-present may not be comparable with those from 1979-1984 
because gillnets with a smaller stretched mesh size (13.02 cm instead 
of 13.65 cm) and different web material (multi-strand monofilament 
instead of multifilament nylon) were used. 

f Stations 1 and 2 moved about 3 km upriver. 

g catchability model for 1994: EPI, - (6.817 x loz0) M ~ - ~ . ~ ~ ~  where Mi = - - 
weighted mean length. 



APPENDIX C: UGASHIK RIVER (p 7 of 7) 

C.4. Climatological and hydrological observations made at Ugashik River 
sockeye salmon test-fishing site, 1993. 

Wind Velocity Air Temp. Water 
Cloud Cover' (kmlhr) ("C) Temp. ("C) 

Water 
Date a.m. p.m. a.m. p.m. a.m. p.m. a.m. p.m. Precipitationb Clarity 

calm 
calm 

0- 5 SW 
15-25 SW 
calm 

5-10 SW 
5-10 SE 
calm 

10-15 SE 
5-10 S 
calm 

5-10 SE 
calm 
calm 
c alm 
0- 5 W 
0- 5 W 
calm 
calm 
5-10 SW 
10-15 SW 
calm 

5-10 SSW 
10-15 SSW 
10-15 SSW 
20-25 SW 
15-20 SW 
5-10 SE 
5-10 SE 
calm 

25-30 SE 
10-15 S 
calm 

10-15 SW 
calm 
calm 
0- 5 W 
5-10 NNW 
0- 5 SW 
calm 

10-15 SW 
10-15 SW 
10-15 SW 
c alm 

dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 

a 1 = cloud cover not more than 1/10, 
2 = cloud cover not more than 1/2, 
3 = cloud cover more than 1/2, 
4 = completely overcast, and 
5 = fog 

O = none; 
A = intermittent rain; 
B = continuous rain 





APPENDIX D: IGUSHIK RIVER 

D . 1 .  Sockeye salmon test-fishing data ,  Igushik River, 1993. 

Me an 
Fishing Test Mean Mean 

Set Time Sockeye Fishing Weight Length 
Date No. Station (min) Catch Index (kg) (mm> 



APPENDIX D: IGUSHIK RIVER (p  2 of 8 )  

Mean 
Fishing Test Mean Mean 

Set Time Sockeye Fishing Weight Length 
Date No. Station (min) Catch Index (kg) (ma) 



APPENDIX D: IGUSHIK RIVER (p 3 of 8) 

Mean 
Fishing Test  Me an  Mean 

Se t  Time Sockeye Fishing Weight Length 
Date No. S t a t i o n  (min) Catch Index (kg) (mm) 



APPENDIX D: IGUSHIK RIVER (p 4 of 8) 

D.1. (p 4 of 5) .  

Mean 
Fishing Test Mean Mean 

Set Time Sockeye Fishing Weight Length 
Date No. Station (min) Catch Index (kg) (mm) 



APPENDIX D: IGUSHIK RIVER (p 5 of 8) 

Mean 
Fishing Test Mean Mean 

Set Time Sockeye Fishing Weight Length 
Date No. Station (min) Catch Index (kg) (mm) 

a Three drifts missed 6/24 a.m. due to electrical problems with 
outboard motor. 

" Four drifts missed 6/26 a.m. due to rescue of stranded boaters 
below the testfishing site. 

Three drifts missed 7/01 p.m. and four drifts missed 7/02 a.m. 
due to high SE winds. 



APPENDIX D: IGUSHIK RIVER (p  6 of 8) 

D.2. Age, sex, and size composition of sockeye salmon caught in the 
Igushik River test fishery, 1993. 

Age Group 

0.3 1.2 1.3 2.2 1.4 2.3 To ta l  

Percent 
Sample S ize 
Mean Length 
Std. E r r o r  
Sample S ize 
Mean Weight 
Std. E r r o r  
Sample S ize 

Percent 
Sample S ize 
Mean Length 
Std. E r r o r  
Sample S ize 
Mean Weight 
Std. E r r o r  
Sample S ize 

Percent 
Sample S ize 
Mean Length 
Std. E r r o r  
Sample S ize 
Mean Weight 
Std. E r r o r  
Sample S ize 

FEMALES 

ALL FISH 



APPENDIX D: IGUSHIK RIVER (p 7 of 8) 

D.3. Igushik River sockeye salmon test-fishing data, 1979-1993. 

Indices Spawning 
Weighted Escapement 

Season Mean Travel Last 
Time' Cumulative Date Cumulative Test Fishing Data 

Year Weight Length (days) Number Fished Number Dateb EPI Reference" 

Mean 3.1 

1993 3.3 

McBride and Clark (1980) 
McBride (1981) 
Minard (1982) 
Bucher (1984) 
Bucher and Frederickson (1985) 
Yuen et al. (1985) 
Bue et al. (1988) 
Yuen et al. (1988) 
Fried and Bue (1988a) 
Fried and Bue (1988b) 
Stratton et al. (1990) 

Stratton and Woolington (1992) 
Stratton and Crawford (1994) 

Current Report 

a Estimates for 1979-83 based on correlation coefficients; estimates for 

1984-present based on travel time analysis. 

b Cumulative spawning escapement data - last date fished at test fishing 
site plus travel time to counting tower site. 

c Weighted season mean length, weight, travel time, and EPI values for 

1979-86 were recalculated for 1987 report (Fried and Bue 1988a), and 
may differ from those in original reports. 

d From 1987 to 1984 only one site, station 1, used on south bank about 30 
km upstream from district boundary. 

e In 1985 Station 1 moved about 2 km downstream, and Station 2 added on 
north bank about 1 km downstream of Station 1. 

f Data from 1988 to present may not be comparable with 1979 to 1987 due 
to change in fishing method (drifting gillnet from boat rather than 
anchoring one end on shore). 

g Igushik test fish project not operated in 1990 due to budget cuts. 



APPENDIX D: IGUSHIK RIVER (p 8 of 8) 

D.4. Climatological and hydrological observations made at Igushik River 
sockeye salmon test-fishing site, 1993. 

Wind Velocity Air Temp. Water 
Cloud Cove?? (kmlhr) ("C Temp. (6) 

Water 
Date a.m. p.m. a.m. p.m. a.m. p.m. a.m. p.m. Precipitationb Clarity 

brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 

a 1 = cloud cover not more than 1/10, 
2 = cloud cover not more than 1/2, 
3 = cloud cover more than 1/2, 
4 = completely overcast, and 
5 = fog 

0 = none ; 
A - intermittent rain; 
B = continuous rain 
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